First progress report: initiation of the work of the unit by Doty, M.S.
/ / 
/ I , d + r /  ." C - p' , 
F i r s t  Progress Report 
I N I T I A T I O N  OF THE WORK OF THE UNIT 
This repor t  i s  issued f o r  t he  information of t h e  National Park 
Service and i t s  cooperating i n s t i t u t i o n s  and personnel i n  f 'ulfillment 
of  t h e  requirements of the  r e l a t ed  contract  no. 8092-0005-100 between 
the  Universi ty of Hawaii and t he  Western Regional Office of t he  
National Park Service.  The transmission of t he  information i n  t h i s  
repor t  i s  the  r e spons ib i l i t y  of Maxwell S. Doty, Botany Department, 
Universi ty of Hawaii, Honolulu, Hawaii, who i s  Director of the  Unit. 
It has been compiled from f i e l d  and conference notes p r inc ipa l ly  by 
the  administrat ive a s s i s t an t  with t h e  help  of o thers  as  mentioned i n  
the  t e x t .  Completed 29-111-74. 
This progress report of the National Park Service Resources Studies 
Unit at the University of Hawaii represents the activities of two 
months toward the accomplishment of this Unit's 01-year objectives. 
Much of our initial effort has, of necessity, been expended in 
"gearing up", making contacts and laying the groundwork for imminent 
research. 
A Unit office has been established in the Plant Sciences Build- 
ing at the University of Hawaii, Manoa Campus, near the office of t k  
Unit Director, Dr. Maxwell S. Doty. Immediately necessary supplies 
have been purchased and additional supplies as well as major office 
equipment (e .g . , typewriter, desk, chair) are on order. Letterhead 
paper for the Unit has been designed and is now being printed. 
The initial steps of hiring an administrative assistant and a 
clerk/ty-pist for the Unit have been taken. Since this involves 
advertising and interviewing for a specified period of time, a 
combination position was established and filled on a temporary basis 
in the person of Marlyn Miller. This has been a most successful 
appointment; her responsibility has been to make the Unit operative. 
In this capacity, she has attended the Hawaii Volcanoes National Park 
Master Plan public meetings and the Wilderness Area public hearings 
in Hilo and in Honolulu, meeting NFS representatives and other 
attendants directly or indirectly associated with NPS affairs 
(e.g., Bishop Estate, Conservation Council, Audubon Society, Big 
Island Fish and Game Association, and the Congress of Hawaiian people). 
She has also travelled to Hawaii Volcanoes National Park, Haleakala 
and City of Ref'uge fo r  the purpose of gathering the management's 
views and research p r i o r i t i e s  as  well as  be t t e r  acquainting herself  
with the  part icular  areas of research in t e res t  i n  each of the parks. 
The pre-contract Resource Group has been strengthened by addi- 
t iona l  professional people. They have been not i f ied of our operative 
s ta tus  and t h e i r  continued support so l ic i ted  (see attached l e t t e r ,  
February 28). A meeting has been arranged f o r  the purposes of bringing 
together the members of t h i s  Resource Group and the National Park 
Service managerial level people, including the State  and Regional 
Directors and the Chief Scient is t  of the  NPS Science Center, Miss. 
(see attached l e t t e r ,  March 19) --primarily t o  become acquainted, but 
also t o  exchange ideas regarding research and traineeships. 
In order of t h e i r  appearance i n  the General Work Plan, the 
"Project p r i o r i t i e s  f o r  the 01-year e f for t"  are discussed below i n  
terms of t h e i r  progress t o  date. D e s i a  of a 5-year work program 
fo r  t h e i r  achievement with the inclusion of others has been begun. 
AREA A. TRAINING FOR SCIENTIFIC PARK RESOURCE EVALUATION, DEVELOPMENT 
AND MANAGEMENT 
a.  Recommend course work fo r  c e r t i f i c a t e  t ra ining a f t e r  investigation 
of content of courses prospectively t o  be required. 
b. Develop a s e t  of on-the-job t raining opportunities f o r  the 
c e r t i f i c a t e  t ra ining.  
c. Propose and seek University implementation of the c e r t i f i c a t e  
program. 
These objectives, comprising the educational aspect of the Unit 's  
responsibi l i t ies ,  are  being sought by D r .  C. H. Lamoureux of the 
University of Hawaii Botany Department. His e f fo r t s  t o  date i n  the 
elucidat ion and implementation of the  above object ives  a r e  presented 
below i n  h i s  "Froposal f o r  a Ce r t i f i c a t e  Program i n  Resource Management" 
which w i l l  go t o  t h e  Graduate Council f o r  approval. We a r e  opt imis t ic  
t h a t  approval w i l l  come r e l a t i v e l y  quickly and t h a t  t he  program may 
be operative by Fa l l ,  1974. 
I. Introduction 
This i s  a proposal f o r  a program which would lead  t o  a c e r t i f i -  
ca te  i n  Resource Management t h a t  would be granted as an addi t ion t o  
a graduate degree i n  various graduate f i e l d s  of study i n  na tu r a l  
sciences such as Botanical Sciences , Zoology and ~ e o l o g ~ / ~ e o ~ h ~ s i c a .  
Award of t h e  c e r t i f i c a t e  would ind ica te  t h a t  the  student had, i n  
addi t ion t o  meeting t h e  degree requirements i n  h i s  f i e l d  of study, 
a l so  completed ce r t a in  courses and par t i c ipa ted  i n  an in te rnsh ip  
program. 
The optimal management of na tu r a l  resources i s  a major f i e l d  of 
i n t e r e s t  at  t h i s  time and i s  l i k e l y  t o  become even more s ign i f ican t  
over t he  next few decades a s  demands on avai lable  resources increase. 
Managers of nat ional ,  s t a t e  and l o c a l  parks, na tu r a l  areas,  wilderness 
areas ,  w i l d l i f e  refuges,  f o r e s t  reserves and s imilar  public f a c i l i t i e s  
f requent ly  require  t h e  r e s u l t s  from bas i c  research i n  t he  na tura l  s c i -  
ences i n  order t o  make wise management decisions. A l l  too of ten  such 
information i s  unavailable t o  t he  manager, e i t h e r  because t he  scien- 
t i f i c  work has not  been done o r  because, although t h e  information 
has been obtained, t he  lack of communication between s c i e n t i s t s  and 
resource managers makes it d i f f i c u l t  fo r  the manager t o  obtain the 
needed infomation. Furthermore, the sc i en t i s t  i s  frequently unaware 
of the needs of the resource manager and so makes l i t t l e  or  no e f fo r t  
t o  convey the r e su l t s  of h i s  work t o  the resource manager. 
The U. S. National Park Service (NPS) has recognized t h i s  problem 
and i s  making some e f fo r t s  t o  overcome it. Recently the NFS has 
provided the funds fo r  the establishment of a Cooperative National 
Park Resources Studies Unit i n  the Department of Botany a t  the Univer- 
s i t y  of Ilawaii. It i s  anticipated tha t  funding of t h i s  Unit w i l l  
continue indefini te ly,  subject of course t o  adequate performance. 
The N P S  has indicated a need f o r  s t a f f  members who have had 
advanced t raining i n  natural  sciences as  well as a fami l ia r i ty  with 
the problems peculiar t o  managing national parks or  other natural  
resource f a c i l i t i e s .  It i s  l i k e l y  tha t ,  i n  the future,  the NPS as 
well  as  s t a t e  and l o c a l  park systems and other agencies concerned 
with na tura l  resource management w i l l  be employing people who have 
had such t raining.  The c e r t i f i c a t e  program proposed here i s  designed, 
therefore, both t o  meet perceived needs of natural  resource management 
agencies and t o  of fer  students somewhat broader t ra in ing  which might 
enhance t h e i r  opportunities fo r  employment. 
The proposed program would not require the  expenditure of 
additional State f h d s ;  any costs over and above the usual costs  of 
exis t ing graduate education would come from the NPS contract. 
11. Description of the  Program 
The Resource Management Ce r t i f i c a t e  Program w i l l  be open only t o  
graduate students who a r e  intended candidates f o r  a graduate degree 
i n  one of  t h e  pa r t i c ipa t i ng  graduate f i e l d s  of study: Botanical  
Sciences, Zoology, Geology and Geophysics. It i s  poss ible  t h a t  
add i t iona l  graduate f i e l d s  of study may be a f f i l i a t e d  i n  t h e  fu ture ,  
Upon successful  completion of t he  program, i n  addi t ion t o  t h e  
completion of t h e  d i sc ip l inary  graduate degree, a c e r t i f i c a t e  i n  
Resource Management w i l l  be awarded. The c e r t i f i c a t e  program would 
not have i t s  "own" students.  
The program w i l l  consis t  of th ree  courses plus  a period of in tern-  
ship. 
a .  Courses 
~ o t a n ~ / ~ o o l o ~ ~  450. (3  c r e d i t s ) .  Natural  History of -the 
Hawaiian Is lands .  This i s  an ex i s t ing  course offered 
j o in t l y  by both Botany and Zoology. It provides a bas ic  
s c i e n t i f i c  background i n  t he  unique na tu ra l  fea tu res  
of t h e  Hawaiian Islands,  both t e r r e s t r i a l  and marine: ,and 
includes information on geology, climates, ecology, 
endemism and evolution i n  t he  Hawaiian b io ta ,  and the  
e f f e c t s  of man on t he  Hawaiian b io ta .  
2. Botany 6xx. (3  c r e d i t s ) .  Problems i n  Resource Management. 
This i s  a new course which w i l l  be developed. The course 
w i l l  be organized by the  Program Coordinator and w i l l  
u t i l i z e  NPS resource managers a s  wel l  a s  Universi ty 
f acu l t y  a s  l e c tu r e r s .  The object ives  of t he  course w i l l  
be t o  present the  types of problems faced by resource 
managers and t o  t r y  t o  b r ing  t o  bear on these problems 
t h e  ro l e s  of various types of s c i e n t i f i c  research.  
3. Botany 6xx. (3  c r e d i t s ) .  Seminar i n  Resource Management. 
This i s  a new course which w i l l  be developed. It w i l l  be 
taught by various members of the  Committee of Cooperating 
Faculty. The seminar w i l l  focus on current  research i n  
resource management and case h i s to ry  s tudies .  
b . Internship 
Each student i n  the program w i l l  be required t o  complete an 
internship program which w i l l  involve working i n  a national 
park or  some other appropriate resource f a c i l i t y  fo r  a 
cer ta in  period, usually e i the r  a summer or  a semester. 
This w i l l  provide the student with an opportunity t o  work 
with the kinds of problems faced by resource managers. 
I n i t i a l l y  it i s  expected tha t  most students would complete 
t h e i r  internships i n  national parks i n  H a w a i i .  Eventually, 
we hope t o  work out similar arrangements with s t a t e  and 
county park departments. While the emphasis i n  the programs, 
because of the location and in t e res t s  of the University of 
Hawaii, w i l l  be on resource management i n  Hawaii and other 
Pacific island areas, it would also be possible f o r  students 
t o  complete the  internship requirements by working i n  main- 
land parks. It i s  anticipated tha t  interns  would be employed 
as  short -term (e  .g . , summer) employees by the part ic ipat ing 
parks during t h e i r  periods of internship.  
111. Staff 
a. The program w i l l  need a Coordinator, who w i l l  work closely 
with the Director of the Cooperative National Park Resources 
Studies Unit. The Coordinator w i l l  be a University of 
Hawaii facul ty member ( i n i t i a l l y  D r .  C.  H. Lamourewc, Pro- 
fessor of ~ o t a n y ) .  Since the program s ize  i s  expected t o  
be small (perhaps 5 t o  10 students at any one time) and 
s ince  supporting services  w i l l  be provided by the  NPS 
contract ,  the re  should be no need f o r  t he  Coordinator t o  
have formal re leased time f o r  t h e  performance o f  the  neces- 
s a ry  du t ies  of t he  posi t ion.  
b. There should be a Committee of Cooperating Faculty, composed 
of members of t he  graduate f acu l t y  se lected from cooperating 
f i e l d s  of study. The members of the  Committee would be 
appointed by t he  Dean of t he  Graduate School, a f t e r  consul- 
t a t i o n  with the  program Coordinator. The du t ies  of t he  
Committee would be t o  advise the  Coordinator, t o  a s s i s t  i n  
advising students,  and t o  pa r t i c ipa t e  i n  t he  teaching of  
t h e  proposed seminar course. This Committee should a l s o  
include a representa t ive  of t he  National Park Service. 
c .  Sec re t a r i a l  support w i l l  be needed; funds are  avai lable  
i n  t he  NPS contract  t o  provide such support. 
IV. Budgetary Implication f o r  the  Universi ty of Hawaii. 
Implementation of t he  program should not require  any add i t iona l  
expenditure of S t a t e  funds. Sec re t a r i a l  and supporting services  a re  
provided by the  NPS contract .  One of  t he  th ree  courses required i n  
the  program already ex i s t s .  The second course i s  a graduate seminar 
which w i l l  be team taught by the  Committee of Cooperating Faculty. 
The t h i r d  course w i l l  be organized by the  Coordinator and w i l l  draw 
on various guest  l e c tu r e r s .  Both new courses a r e  expected t o  have 
small enrollments and w i l l  not  require  laboratory f a c i l i t i e s .  As 
mentioned e a r l i e r ,  the  Coordinator should not require  formal released 
time from teaching du t ies  t o  f u l f i l l  h i s  administrat ive demands. 
AREA B. DESCRIPTIVE INVENTORY OF PUTURAL RESOURCES 
a. Plan and, as feas ib le ,  i n i t i a t e  a study of Kipahulu Valley, 
Although t h i s  i s  of f i r s t  order p r i o r i t y  i n  the  views of t he  
Unit and t h e  Haleakala management, caution takes  g rea te r  p r i o r i t y .  
The current  s t a t u s  of the  Valley i s  "no entry" by declara t ion of t h e  
Haleakala superintendent. Although it would seem desi rable  t o  study 
t h i s  r e l a t i v e l y  untouched va l ley  f o r  s c i e n t i f i c  purposes ( i n  more 
d e t a i l  than t h a t  reported i n  t h e  1967 "Sc ien t i f i c  Report of t he  
Kipahulu Valley Expedition"j, t he  very en t ry  of the  researchers may 
cause changes i n  t he  f l o r a  and fauna. 
Research techniques a s  we l l  a s  human impact might be developed 
elsewhere, elg.,  i n  neighboring Waihoi Valley and Upper Hana Forest  
Reserve, and applied t o  Kipahulu since those areas  have already been 
cursor i ly  studied by a group of NSF grantees d i rec ted  by J. I. 
Kjargaard. Because the  Upper Hana Forest Reserve i s  an an t ic ipa ted  
addi t ion t o  HNP anyway, any research done there  would not be "wasted" 
i n  t he  view of t he  NPS. Although the  areas a r e  geographically adjacent 
and probably have s imi la r  o v e r a l l  e levat ions  and r a i n f a l l ,  t h e  1972 
2 
repor t  of Kjargaard's group ind ica tes  Kipahulu has about 5@, more 
nat ive  species than Waihoi and about 5% fewer introduced species. 
Personal cornmica t ion  with one of t he  waihoi/upper Hana inves t iga tors  
1 - - - - - - - - - - - - -  
Warner, R. E. (ed.) . 1967. Sc i en t i f i c  Report of the  Kipahulu Valley , 
Expedition. Sponsored by The Nature Conservancy. v + 184 pp. 
2~ jargaard, J. I. (ed. ) . 1972. Sc i en t i f i c  Report of t he  Waihoi Valley 
Project .  Sponsored by National Science Foundation. iii + 252 pp. 
indicates  t h i s  comparison i s  probably unrea l i s t ic ,  because Waihoi 
i s  only about half  the s ize  of Kipahulu and because the proportions 
of the  two val leys  a t  upper and lower elevations d i f f e r .  Therefore, 
t h e i r  comparability must be considered before major action i s  taken. 
There a r e  confl ic t ing reports  regarding the extent of t he  damage 
by the 28 people par t ic ipat ing i n  varying degrees i n  the August, 1967, 
expedition in to  Kipahulu. Again, personal communication with one of 
the ~ a i h o i / ~ p p e r  Hana invest igators  indicates  t h a t  not only a re  the  
t r a i l s  made by the  group i n  Waihoi/upper Hana being revegetated, but 
the new growth i s  almost all nat ive vegetation. Indeed, some t r a i l s  
are  already obl i te ra ted  o r  recognizable only by persons famil iar  with 
f l o r a l  landmarks of the  area. If it can be established t h a t  the  
impact on Kipahulu i s  no more severe o r  l a s t i ng  than it apparently 
was i n  Waihoi, the  preferred approach might be t o  study Kipahulu 
d i rec t ly .  
Assuming a decision i s  imperative regarding Kipahulu, t he  
immediate task  would seem t o  be one of assembling and evaluating a l l  
information (pr inted and by personal communication) avai lable  on the 
Valley--possibly by someone with first-hand experience i n  t he  Valley. 
Study of t h i s  body of information could then form the bas i s  f o r  
recommending a direct ion t o  be taken a f t e r  being weighed and decided 
upon by the superintendent of Haleakala. I f  he concurred i n  the  
decision, the  instrumentation of the  recommendation could be car r ied  
out by t h i s  Unit with appropriate addi t ional  funding, by the National 
Park Service,or  by some other group with the necessary qual i f icat ions .  
It would seem possible  t h a t  whatever ecological  techniques (quadrats, 
l i n e  t ransec t s ,  e tc . )  a re  used, markers could be l e f t  so  t ha t  l a t e r  
qonitoring of changes could be ca r r i ed  out  i f  desired.  
b e  Prepare i n  quan t i t a t ive  terms descr ipt ions  of t h e  Hawaiian ecosystems. 
His tor ic  changes w i l l  be included. 
No progress t o  date.  See under Area D-c, -d and -e below. 
c .  1
of Hawaii through cooperative program t o  be sought with the  S t a t e  
Division of Fish  and Game and the  Bureau of Sport Fisher ies  and 
Wildlife.  The same w i l l  be done i n  time f o r  o ther  groups of 
organisms and phenomena. 
Regarding p l an t s  f a l l i n g  i n t o  the  "rare  and endangered" category, 
no published l i s t  i s  cur ren t ly  avai lable  but  one i s  i n  progress. 
Dr. F. R. Fosberg at the  Smithsonian i s  preparing t he  l i s t  and expects 
t o  send it t o  t he  Tropical  Pac i f ic  Gardens on Kauai t h i s  month ( ~ p r i l )  
f o r  publ icat ion.  D r .  W.  Stewart, Director of t h e  Gardens, expects 
t he  publ icat ion t o  be avai lable  by mid-July, 1974. Uthough a pre- 
liminary l i s t  i s  cur ren t ly  avai lable ,  we pre fe r  t o  wai t  and e i t h e r  
include o r  reference the  published l i s t  i n  a l a t e r  repor t .  
The cryptogamic p lan t s ,  t h e  algae,  fungi and s o i l  microorganisms 
a r e  not  included i n  Fosberg's l i s t  and a re  so poorly known taxonomi- 
ca l ly ,  geographically and ecological ly  t h a t  they a r e  almost c e r t a in ly  
beyond the  scope of invest igat ion by t h i s  Unit at  present.  
A copy of t h e  "USDI Bureau of Sport Fisher ies  and Wildl i fe  L i s t  
of Endangered Native Fish and w i ld l i f e "  was obtained from the  Bureau's 
Office of Endangered Species i n  Kailua. Those species  on the  l i s t  
nat ive  t o  Hawaii are :  
BIRDS 
Akepa, H a w a i i  (akepa) 
Akepa, Maui (akepuie) 
Akialoa, Kauai 
Akiapolaau 
Coot, Hawaiian 
Crow, Hawaiian ( a l a l a )  
Creeper, Molokai (kakawahie ) 
Creeper, Oahu ( alauwahio) 
Duck, Hawaiian (koloa) 
Duck, Laysan 
Finches, Laysan and Nihoa 
Gall inule,  Hawaiian 
Goose, Hawaiian (nene) 
Hawk, Hawaiian ( i o )  
Honeycreeper, c res ted  (akohekohe) 
Millerbird,  Nihoa 
Nukupuus, Kauai and Maui 
00, Kauai (00 aa) 
Ou 
P a l i l a  
Pa r ro tb i l l ,  Maui 
Pe t re l ,  Hawaiian da rk - r aped  
S t i l t ,  Hawaiian 
Thrush, l a rge  Kauai 
Thrush, Molokai (olomau) 
Thrush, small Kauai (puaiohi)  
MAMMALS 
Bat, Hawaiian hoary 
Loxops coccinea coccinea 
Loxops coccinea ochraceu 
Hemignathus procerus 
~emignathus  wilsoni 
Ful ica  americana alai 
-
'Corvus t ropicus  
Loxops maculata flammea 
Loxom maculata maculata 
Anas wyvil l iana 
-
Anas laysanensis 
-
P s i t t i r o s t r a  cantans 
Gal l inula  chloropus sandvicansis 
-
Branta sandvicensis 
Buteo s o l i t a r i u s  
Palmeria do le i  
Acrocephalus k ing i  
Hemignathus lucidus 
Moho braccatus 
-
P s i t t i r o s t r a  p s i t t a cea  
P s i t t i r o s t r a  b a i l l e u i  
Pseudonestor xanthorphrys 
Pterodroma phaeopygia sandwichensis 
Himantopus himantopus knudseni 
Phaeornis ob scurus myadestina- 
Phaeornis obscums ru tha  
Phaeornis palmeri 
Lasiurus cinereus semotus 
ARTHROPODS 
The na t iona l  l i s t  i s  l imi ted  t o  b i rd s  and mammals ,  so Wayne 
Gagne and Frank Howarth of  Bishop Museum were contacted regarding 
arthropods. Hawaii i s  a g r ea t  reposi tory  of examples of i n su l a r  
evolution of arthropods, but  because of des t ruct ion of hab i ta t ,  
in t roduct ion of predators (espec ia l ly  an t s ) ,  pa ras i t es ,  e tc . ,  many 
of  these  highly specia l ized endemics a r e  becoming r a r e  and endangered 
/ 
i f  not  already ex t i nc t .  The dynamic l i s t  of Gagne and Howarth 
cur ren t ly  contains wel l  over 300 species considered "rare  and 
endangered". Because of t h e  inherent  disorder of such a dynamic 
l i s t ,  it could not be adequately organized i n  time f o r  inclus ion 
i n  t h i s  repor t ,  
MOLLUSCS 
Rare and endangered t e r r e s t r i a l  molluscs have shared an obscur i ty  
similar t o  t he  insec t s ,  but  t h e i r  numbers and taxonomy are  a l so  
beginning t o  be publicized. D r .  Yoshio Kondo a t  Bishop Museum has 
been working on t h i s  group of organisms f o r  many years, and t h e  t ask  
i s  a laborious one. He est imates t h a t  5Wo of t h e  1061 species of 
nine famil ies  of t e r r e s t r i a l  s n a i l s  t h a t  once inhabited Hawaii a r e  
now ex t inc t .  Reasons c i t e d  f o r  these  ex t inc t ions  and f o r  endangering 
s t i l l  l i v ing  species are :  des t ruct ion of nat ive  hab i ta t s ,  invasion 
of exot ics ,  predation by Euglandina ( a  carnivorous s n a i l  from ~ l o r i d a )  
and over-collecting.  Although h i s  l i s t  of r a r e  and endangered species 
would be la rge  i f  molluscan taxonomy were a simple matter, D r .  Kondo 
has chosen t o  l i s t  the  species i n  only the  following two genera f o r  
which t h e  s t a t u s  of t h e  species i s  well-known: 
Achatinella w l ~ i n a  
phaeozona 
j uddi i  
l i v i d a  
cu r t a  l i s t  continued -- 
Achatinella dimorpha 
pulcherrima 
kiFidans 
taeniolata  
bulimoide s 
elegans 
pupukanioe 
fuscobasis 
sowerbyana 
lo ra t a  
cestus 
v i t t a t a  
leucorraphe 
s w i f t i i  
apexf ulva 
valida 
Carelia bicolor 
Marine molluscs cannot yet be ascribed as  "rare and endangered" 
due t o  inadequate knowledge. However, D r .  Alison Kay suggests tha t  
cer tain of the species may be indi rec t ly  assigned t h i s  designation, 
because t h e i r  habi ta t s  are subject t o  such c lass i f ica t ion .  An 
example she would include i n  t h i s  "rare and endangered by association" 
l i s t  i s  k c a  -t ene l la ,  a bivalve collected heavily i n  the ear ly 1900's 
i n  Kaneohe Bay, but ra re ly  seen now--most l i k e l y  due t o  deterioration 
i n  the Bay substrate.  A more complete "list" (with the above quali- 
f ica t ions)  may be completed by the July report. 
d. Complete revision of plant check l i s t s  and herbarium updating 
f o r  Hawaii Volcanoes and Haleakala National Parks. 
This objective i s  being met under the direct ion of D r .  W. 
Theobald who i s  supervising the work of J. Krahulik of the University 
of Hawaii Botany Department. D r .  Theobald i s  a well-known taxonomist 
engaged i n  producing a manual of Hawaii's flowering plants.  Krahulik 
is a graduate student in taxonomy and well-acquainted with the 
Hawaiian flora. 
Permission was obtained from the National Park superintendents 
to transport the Park herbariwn specimens (with utmost care) to the 
University where Krahulik has access to reference collections, books 
and professional advice for completion and revision of the classifi- 
cation of the specimens. He has begun work on the HVNP herbarium; 
when that is completed, he will work on HNP's specimens. 
Revision of the check lists and collecting of species not repre- 
sented in the current herbaria will require field work which will also 
be carried out by Krahulik. Tentative plans are for this phase to 
begin during Easter vacation and continue this summer. This phase 
may well involve requesting National Park people to watch for particu- 
lar species, either because Krahulik did not find them or because they 
were not in the flowering condition required for herbarium specimens 
at the time of his collecting. 
e. Describe the City of Refuge fish populations and sketch a plan 
for their presentation to the public. 
The State Division of Fish and Game quantified the populations 
along transects in Honaunau Bay in 1969, -70 and -71, but fiscal 
considerations have prevented their continuing beyond May, 1971. 
The Marine Options Program, sponsored by the Sea Grant Program, 
carried out some investigations in the Bay on a cruise in the s m e r  
3 
of 1972 but their information is more descriptive than quantitative 
- - - - - - - - - - - - -  
3Marine Options Program. 1972. Honaunau Bay Survey. 26 pp. Unpub . 
and population estimates are  not possible from them. From snorkeling 
l ine- transects  and from making use of grids, they reported 12 families 
of f i sh ,  7 phyla of invertebrates, made estimates of per cent cover 
by d i f fe rent  ty-pes of coral  and estimated percentages of d i f fe rent  
substrate ty-pes. From t h e i r  br ie f  studies, they ten ta t ive ly  concluded 
tha t  the  Honaunau plant and animal populations exhibit  l e s s  d ivers i ty  
than those of Hanauma Bay, a refbge on Oahu. However, they acknowleage 
tha t  t h e i r  sampling was inadequate , non-quant i t a t i v e  and perhaps 
associated with seasonality. They highly recommend making Honaunau 
a marine park and indicate elaboration of t h i s  plan might follow tha t  
4 
suggested by the Governor's Task Force on Oceanography . This would 
include a snorkeling t r a i l  with markers, ident i f ica t ion  plaques, 
shore displays, e tc .  D r .  Doty has also talked t o  J. Rougerie, a 
French archi tec t  interested i n  underwater constmction, about the 
poss ib i l i ty  of transparent underwater tubes f o r  v i s i t o r  viewing of 
the Bay; but  t h i s  i s  a no-doubt cost ly  and revolutionary innovation 
f o r  which the Park Service may not be ready f o r  some time. 
AREA C .  BIOLOGICAL CONTROL AND CARRYING CAPACITIES 
a. Recommend carrying capacity f o r  v i s i t o r s  i n  some key areas. 
Hwnan carrying capacity i s  governed by environmental factors  
re la ted  t o  the physical and biological  impact of v i s i t o r s  on na tura l  
resources. It i s  governed as  wel l  by anthropocentric fac tors  re la ted  
4 Governor ' s Task Force on Oceanography. 1969. Hawaii and t h e  Sea. 
112 pp. Llnpub. 
t o  the qual i ty  of experience and safety fo r  park v i s i to r s .  A l l  of 
these fac tors  have been discussed with personnel i n  the three parks 
i n  an attempt t o  ident i fy key areas meriting special  a t tent ion by 
t h i s  Cooperative Park Resource Studies Unit. It was decided t o  sp l i t  
the objective in to  two segments: 1) ident i f ica t ion  of exis t ing o r  
potent ia l  carrying capacity problems and 2) implementation of the  
appropriate research needed i n  the problems chosen f o r  research. 
R&h Gay, an ecologist on the University of Hawaii Botany Department 
s t a f f ,  who has done similar work on the tundra ecosystem, undertook 
the f i r s t  segment and submitted the following report .  
Carrying capacity problems governed primarily by v i s i t o r  safety, 
such as i n  volcanic eruption areas, or  by physical impact, such as  
those operating on h i s to r i c  features,  a re  seemingly adequately con- 
t r o l l e d  by present park management procedures and will probably be 
within the management capabi l i t ies  of the foreseeable future.  There 
are  few dangerous organisms i n  Hawaii; thus, it i s  anticipated v i s i to r  
safety w i l l  be outside t h i s  Studies Unit 's  scope of ac t iv i t i e s .  
The biological  impact of v i s i t o r s  i s  an indi rec t  factor  operating 
on endangered b i rds  such as  the nene and the dark-rumped p e t r e l  on 
Mama Loa and Haleakala. It appears, however, t h a t  more study i s  
needed on the d i r ec t  ro le  of predators and on the  biology of these 
birds  before carrying capacity investigations a re  begun. 
The impact on the biological communities around camping and 
picnic areas deserves at tent ion and seemingly should be investigated 
i n  coordination with the development of native-plant planting programs 
and exotic plant control. Of the various overnight f a c i l i t i e s  
presently available, the  study of the impact of v i s i t o r s  on vegetation 
around the cabins and campsites within Haleakala Crater should be 
given pr ior i ty .  I n  these areas, a re la t ive ly  high v i s i t o r  use r a t e  
and a lack of a l te rna te  s i t e s  may re su l t  i n  s ignif icant  carrying 
capacity problems. An on-site reconnaissance would be needed t o  
determine the f e a s i b i l i t y  of a study project i n  these areas. I f  a 
study were feasible ,  re lated information should be sought from Diane 
Driggot, a University of Michigan student who has collected data  on 
the quality-of-experience factor  by interviewing Crater v i s i to r s .  
The establishment of a reg is t ra t ion  system at each area could provide 
information on the s ize  of par t ies ,  the age of members, equipment and 
duration of v i s i t s .  Data on s o i l  texture,  s o i l  compaction a t  various 
depths and per cent ground cover by plant species could be collected 
quarterly from specif ical ly  marked s i t e s  and from adjacent control  
areas t o  provide seasonal information. The in ter re la t ing  of these 
two l ines  of empirical study should provide management guidance on 
v i s i t o r  impact. 
Information on the biological impact of human disturbance on 
in t ac t  native plant communities may be useful t o  management decisions 
a t  Haleakala i n  areas such as  Kipahulu Valley. Data on t r a i l  use by 
student investigators i n  a f i e l d  study i n  nearby Waihoi Valley and 
the Upper Hana Forest Reserve are available and could provide a 
foundation for  a study on the recovery r a t e s  of native vegetation. 
Although an on-site reconnaissance would be desirable for  the design 
of an investigation,  it would appear t ha t  da ta  on per cent ground 
cover by species i n  permanent p lo t s  supplemented by permanent photo- 
graphic points would provide valuable baseline information. This 
information could be used i n  the development of a controlled 
experiment comparing d i f fe ren t  frequencies and i n t e n s i t i e s  of 
t r a i l  use within one o r  more sensi t ive  nat ive plant communities. 
The a rea  of the  palace grounds a t  the  City of Refuge o f f e r s  
another opportunity f o r  an invest igat ion of possible merit.  Currently 
t h i s  area  i s  covered with a matrix of mixed exotic grasses, dissected 
by two sandy t r a i l s .  I f  v i s i t o r  t r a f f i c  were directed from a t u r n s t i l e  
o r  a beam counter at the  entrance t o  t he  grounds i n t o  d i f fe ren t  path- 
ways marked on the grass matrix, these i n t e n s i t i e s  of use could be 
compared t o  a control  area. Cultural  treatments, e.g., water and 
water plus f e r t i l i z e r ,  could be s e t  up along par t  of the  length of 
each t r a i l .  S t a t i s t i c a l  analysis  of ground cover and v i s i t o r  use 
da ta  could lead t o  a prediction of s i t e  durabi l i ty .  
Although several  other current o r  po ten t ia l  carrying capacity 
problems were iden t i f ied ,  many do not lend themselves t o  concise 
s tudies  with foreseeable solutions consistent with the object ives  
of t h i s  Studies Unit. Examples of key areas t h a t  appear t o  be more 
sui table  f o r  longer term experimental carrying capacity projects  in -  
clude: 1 )  the  vegetated summit area  adjacent t o  parking, access paths 
and comfort f a c i l i t i e s  on Haleakala and the Olaa Forest i n  Hawaii 
Volcanoes and 2) v i s i t o r  impact on silversword populations i n  Halealkala. 
There seemed t o  be a nearly unanimous opinion among the Service 
personnel i n  Hawaii t ha t  biocentric carrying capacity i s  not a major 
problem i n  Hawaii's National Parks, except as carrying capacity 
r e l a t e s  t o  the problems of endangered species and the spread of 
exotic plants and f e r a l  animals. 
- - - - - - - - -  
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b. Investigate the ra re  t r e e  area of Kaupo Pal i ,  Haleakala, t o  
determine why the t r ees  are not reproducing. 
D r .  N. P. Kefford, plant physiologist, has looked a t  t h i s  problem 
on Maui and suggested it needs redefinit ion. A t  present, he f e e l s  
the native forest  t r ees  are  not reproducing because the seedlings 
a re  shaded by exotic species. Reversing the competition a t  t h i s  
l a t e  date, he believes,  i s  probably an impossibly massive task--even 
around one t r ee  fo r  experimental purposes. H i s  a l te rna t ive  course 
of action would be t o  chemically t r e a t  ( t o  eliminate exotics) an 
enclosed area of sui table  substrate near the Paliku Cabin (s ince one 
of the purposes of preserving natives i s  for  v i s i t o r  enjoyment), 
then plant it with native stock of optimal transportable size.  The 
enclosure would be periodically monitored for  growth r a t e  and general 
condition as wel l  as  t o  eliminate exotics tha t  encroach on the  experi- 
mental area. 
Native t r ees  currently grow around the Paliku Cabin, but they 
are  old and w i l l  not l a s t  forever. The experimental plot ,  hopef'ully, 
would provide a long-range appreciation of these native species and 
might contribute some expertise t o  the propagation of such native species. 
c. Complete the Hiiaka f i r e  burn study i n  Hawaii Volcanoes a s  a 
continuation of the work reported i n  the 1969 Office of Natural 
Science Studies annual report ,  AND 
d. Update and extend the vegetative dynamics o f  the 1959 Kilauea I k i  
eruption, recording trends since 1968 of a successional nature. 
We have wri t ten confirmation and, more recently, assurance by 
telephone from D r .  G. A. Smathers, Chief Scient is t  of the NPS Science 
Center, Miss., t ha t  he plans t o  collaborate with D r .  D. Mueller- 
Dombois, University of Hawaii Botany Department, i n  working on both 
these vegetation projects  ( c  and d)  i n  June, 1974. They w i l l  also 
collaborate on the subsequent report, which w i l l  probably be of a 
publishable nature. 
e. Other projects as opportune t o  available personnel and time 
re s t r a in t s .  
1) Restore o ld  Hawaiian f i s h  ponds a t  City of Refuge. 
The superintendent of City of Ref'uge, J. Shimoda, would l i k e  
the royal f i s h  ponds restored and stocked with the kinds of f i s h  
tha t  were kept i n  them by the ear ly  Hawaiians. These ponds have 
been defunct f o r  several years, but the Youth Conservation Corps 
has been renovating them i n  recent swnmers and w i l l  continue t o  
work on them until they are physically restored (e .g., by 
removing bottom sediments and rebuilding walls) . 
The ponds m e  currently contaminated with Tilapia of less 
than 6" total length. This fish is particularly tenacious in 
situations like this and very difficult to eradicate, Shimoda 
has asked our help in getting rid of these undesirable fish and 
restocking with the appropriate species. Several scientists 
at the University as well as the State Division of Fish and 
Game have been contacted regarding the problem. Two possibilities 
for eradication are fish poison and electrofishing. The former 
could prove detrimental to Honaunau Bay as tidal fluctuations 
in the ponds indicate there is some connection with the Bay. 
Salinities were measured with a refractometer at various depths 
at low and high tides in the ponds to determine whether or not 
Dr. J. Maciolekfs (unit Leader, Cooperative Fishery Unit) 
electrofishing gear could be used. Results showed that salinities 
in the pond were 8 to 14 O/oo, indicating a freshwater head that 
does not allow seawater to enter the ponds freely at high tide. 
Nevertheless, these salinities are at the upper limit of or 
above the effective electrofishing capacity. Dr. Maciolek 
visited the ponds personally to evaluate the possibilities; 
unfortunately, a storm bringing 30-feet waves had just inundated 
the ponds with seawater, so not even preliminary results are 
available at this time. If, in fact, the salinity is too high 
after the ponds stabilize for even Maciolek's largest equipment, 
we w i l l  have t o  resor t  t o  poison--probably rotenone. Twenty 
pa r t s  per million should be adequate, and pumps would probably 
have t o  be used t o  force the poison under the dividing s t r i p  
between the two major ponds (see attached a e r i a l  photo) as  well  
a s  in to  the water i n  the marsh-like area mauka of these ponds 
t o  reach the f i s h  there. Even then, with so many crevices i n  
which t o  hide, all of the f i s h  w i l l  not be reached the  f i r s t  
time; therefore, more than one application w i l l  have t o  be made. 
I f  applied jus t  before lowest t i d e  on a sunny day, d i lu t ion  with 
r i s ing  t ide  and degradation by l i g h t  should be m a x i m a l  following 
maximal e f fec t  on the f i sh  and should r e su l t  i n  a minimal or no 
ef fec t  on the Bay. I f  applied i n  the morning, the  balance of 
the day could be u t i l i zed  f o r  col lect ing the f i sh .  
D r .  Maciolek thinks these ponds could serve as a useful 
"pi lot"  project as there are  several other similar ponds i n  
the S ta te  with similar problems and current lack of solutions. 
I n  a search for  knowledge of the or ig ina l  species kept i n  the 
ponds, D r .  K. Bnory of Bishop Museum was contacted. A search of 
records and studies of the area produced the name of the pond-- 
Heleipalala--but no record of the species kept there.  D r .  Ehory 
i s  sure t u r t l e s  were kept i n  the ponds, but suggests we contact 
an elder ly Kona Hawaiian t o  supply the  f i s h  population informa- 
t ion.  John Tyler of City of Ref'uge has been asked t o  make t h i s  
contact through some of the other Park employees. 
2 )  Set up a microfilmed l ib ra ry  of pertinent documents, reports, 
and a r t i c l e s  f o r  the Hawaiian National Parks with accompang- 
- - 
ing indices. 
We have been communicating with Bean Robert Stevens of the 
University of Hawaii Graduate School of Library Studies about 
the poss ib i l i ty  of some of the i r  students' working on t h i s  pro- 
ject  i n  fulf i l lment  of t h e i r  requirements f o r  the course, LS 696 
Directed Study. The work would involve a detai led search of 
l i b r a r i e s  on a l l  islands and a t  the Parks, Fish and Game, etc .  
They woulde take the microfilm camera with them and a s e t  of 
cards fo r  reference collecting. The cards would l a t e r  be 
compiled and arranged by some competent cataloger and the micro- 
f i lm spliced in to  agreeing order with the card information at 
the beginning and end of each manuscript on the film. 
On the other hand, students may not have the necessary time 
t o  spend nor the dedication and qual i f icat ions required t o  do a 
r ea l ly  thorough job. In  t h i s  event, we would hope t o  acquire 
the services of one of two r e t i r e d  people will ing t o  do specif ic  
l i b ra ry  jobs, such as  t h i s  one. I f  a r ea l ly  thorough job i s  t o  
be done, including checking a l l  the bibliographies of pertinent 
works and following through on them, t h i s  project could be a 
rather  extensive one i n  terms of material  and time. 
3 )  Monitoring of vegetation recovery i n  goat exclosures . i n  HVNP 
and on Puu Hualalai. 
Vegetation i n  the large goat exclosure areas i n  HVNP i s  c lear ly 
showing changes already. The course of these changes should be 
followed, Goat exclosures have been se t  up i n  the Puu Hualalai 
area by Bishop Estate ' s na tu ra l i s t  ( ~ a r l s o n )  ,but he has neither 
the time nor the expertise t o  analyze the  recovery of the vege- 
ta t ion  and has offered access t o  the enclosures t o  Park-affi l iated 
invest igators ,  Since KVNP hopes t o  acquire t h i s  land i n  the 
near future,  t h i s  provides a good opportunity for  the  Unit. 
Both projects need t o  be s ta r ted  immediately, however, or  
the i n i t i a l  data col lect ing phase w i l l  be unrea l i s t ic  i n  a time 
sequence. An investigator with the necessary in t e res t  and qual5- 
f ica t ions  should be contacted without delay. 
AREA D. BASIC DATA INFORMATION AND ADVISORY SYSTEMS 
a. Map the zones of high botanical values i n  the Kalapana Extension 
of Hawaii Volcanoes National Park. 
This objective i s  pressing. Information i s  badly needed t o  
determine whether or not a significant loss  w i l l  occur i f  homesites 
a re  allowed on t h i s  land--a provision wri t ten in to  the 1938 acquisit ion 
law and currently being tes ted  by a few qual i f ied applicants. A 
5 preliminary study has been made by R. Warshauer and J. Jacobi with a 
second study by the same authors being i n  a d ra f t  stage. The r e su l t s  
are more descriptive than quantitative,  and although t h i s  i s  usef'ul 
i n i t i a l l y ,  the issue i s  of such in t e res t  and magnitude t h a t  more 
s t r ingent  data  requirements w i l l ,  no doubt, be made i n  the near future.  
- - - - - - - - - - - - -  
5 Warshauer, F. R., and J. D. Jacobi. 1973. A Biological Survey of 
the Lower Kamoamoa and P u l m  Sections of Hawaii Volcanoes National 
Park. 18 pp . + vegetation maps. 
This work could be begun with a e r i a l  photographing of the Ex- 
tension followedl by ground confirmation and t h i s ,  i n  turn, followed 
by an intensive quantitative study u t i l i z ing  modern ecological. tech- 
niques such as  those of Curtis ar Grieg-Smith. The time and e f f o r t  
involved would, no doubt, require additional fbnding, but the value 
t o  the Service would not even be measurable i n  monetary terms. 
It has been established tha t  ra re  and endangered animal. and a t  
l e a s t  one plant species a l so  l ive  i n  the Kalapana Extension, and 
the fur ther  elucidation of t h e i r  obligate interact ions w i t h  the 
specif ic  f l o r a  and present conditions of t h i s  t e r r a in  would be 
extremely use f i l .  
b. Advance toward completion the geological mapping of Haleakala 
Crater National Park. 
D r .  G. MacDonald of the Geology Department, University of Hawaii, 
has been working on t h i s  problem fo r  some time. He neither wishes 
nor requires assistance, only time; so the Unit prefers t o  merely 
encourage him on toward the  desired end. 
c.  Begin preparation of a t l a ses  of bioecological information fo r  
the City of Refuge and Haleakala. 
No progress t o  date a s  t h i s  i s  re la t ive ly  routine and w i l l  take 
some time. See next item. 
d. Begin integration of present IBP study data  into an ecosystems 
computer modeling system. 
A preliminary telephone conversation has been held with D r .  Garrett 
Snathers, Chief Sc ient i s t  of the NPS Science Center, Miss., and it 
appears h i s  Center's capabi l i t ies  and t h i s  project of the Unit may 
form a happy coincidence. Some discussions have been held with 
Service personnel on establishment of a gr id  system fo r  data  
reference i n  the parks tha t  would f a c i l i t a t e  t h i s  work. D r .  Dieter 
Mueller-Dombois and h i s  s t a f f  are  being encouraged t o  continue t h e i r  
current I.B.P. work toward these ends. 
e.  Plan fur ther  stocktaking and i n i t i a t e  in-depth analyses of 
presently mpped ecosystems f o r  in-depth modeling and predictive 
purposes, especially i n  respect t o  the Kipahulu Reserve as the  
i n i t i a l  s tep  toward determining i t s  optimal ro le  i n  the Park 
system based on and assembling the presently available information. 
No progress t o  date; however, t h i s  i s  a normal direct ion f o r  
extension of the current I.B.P. under D r .  D. Mueller-Dombois, 
Coordinator. 
f .  Develop descriptions and map the i n t e r t i d a l  zone and other marine 
oraanisms on Hawaii Volcanoes National Park coast. 
This i s  an area where Hawaii could make a unique contribution t o  
the NPS, and eventually it may be possible fo r  v i s i to r s  t o  enjoy t h i s  
i n t e r t i d a l  zone v i a  an overlook or  some similar device. D r .  J. Randall 
of Bishop Museum has expressed an in t e res t  i n  the project,  and D r .  R. 
W.  Grigg, Hawaii Ins t i tu t e  of Maxine Biology, has already done some 
work i n  t h i s  general area, but with the specif ic  purposes of looking 
a t  the e f f ec t s  of the ocean entry of molten lava on marine organisms 
and the subsequent recolonization and recovery of these locations. 
UNIVERSITY OF HAWAII 
College of Arts and Sciences 
Department of Botany 
28 February 1974 
To: Rasource C o r n i t t e e  
Ron: M. S. Doty 
Re: Cooperat ive Nat ional  Park Resources S tud ies  Unit 
The c o n t r a c t  for t h e  Cooperative Nat ional  Park Resources S tud ies  U n i t  
is now through a l l  channels ,  and w e  are beginnins t o  "gear up". We would 
hope that you, as members of t h e  l'Resource Committee" (the NFS had s m e  
l ega l  ave r s ion  t o  PsAdvissry Committee1'), are s t i l l  i n t e r e s t e d  i n  be ing 
"attachd" t o  t h e  Unit.  We would l i k e  t o  be a b l e  t o  c a l l  on you f o r  
advice  and/or  p o s s i b l e  a s s i s t a n c e  on a p a r t i c u l a r  p r o j e c t  i n  which your 
inter*:; t l ies.  
I 'he only c u r r e n t l y  fo reseeab le  occas ion on which I would l i k e  t o  
m e t  l . ~ i t h  you as a committee i s  sometime i n  mid-April. Th i s  would b e  
a neetins with the park super in tendents  (before  Russ C a h i l l  l eavas ) ,  
and ue would  l i k e  t o  k ick  around the i d e a s  of r e s e a r c h  p r i o r i t i e s  
(as w e l l  as methods of  accomplishment) and t r a i n e e s h i p  p o s s i b i l i t i e s .  
Please g ive  t h i s  some thought ,  and f e e l  free t o  c o n t a c t  us  i n  r ega rd  
t o  anything which i s  p e r t i n e n t  t o  the Unit.  
I am enclos ing a copy of the  General Work 'Plan which nay be 
s l i g h i l y  d i f f e r e n t  from the  one you receiv2d some t i m e  earlier. The 
c e a t  of t h e  plan l i e s  i n  the  " P r i o r i t i e s "  i n  t h e  l a s t  4 pages. 
Coop. Yii Xes. Studies Unit 
Coliege of Arts and Scimes 
19 March 1974 
FIIOPI : Maxwell 5. mty, Director ,  Cooperative sat'% Park Resources 
S t u d i e s  Unit 
SU3JECT: Meeting with Z a t i o r a l  Park Service pe r sonne l  
We have scheduled a meeting sf the Resource ~ r o u p ,  the  E s t i o n a l  Park 
supzrintendents, the State Dj r zc to r  , the Regiona l  Di rec to r ,  and s m e  
r e l a t e d  pe r sonne l  for A p r i l  153 1974. It will take p l a c e  %n rom D-205 
o f  the Biomedical Building on the Urriversiry of Hawaii's Xanca canpus 
and tiill begin at ZQ:CO a . m .  Ve hope everyona can  be pressilt a t  10:00 
and uill be abbe t o  stay f o r  hnch (which we will have brought  i n  at 
our expense). 
Some of the t o p i c s  we plan t o  discuss and which you will, h o p e h l l y ,  
s t a r t  th inking about r i g h t  m a y ,  are: research p t i o r i t i e s  (see 
General Work Plan accmpanying the 28 February 74 menorandm to you), 
m2ans of accomplishing then,  t r a i n e e s h i p  p o s s i b i l i t i e s ,  projecrs for 
next year, projects for a 5-year plan,  arid anything else yoc or the 
Park p e r s o n n e l  feel should be aired. Ve will prov ide  each of you 
w i t h  a copy of our April 1 r e p o r t  t o  t'ns Regional Off ice ,  which will 
acquaint you w i t h  our  progrgss t o  date. 
If you wish to d i s c u s s  anything r e l a t i n g  t o  the G n i t  before X?ril 15, 
p l e a s e  feel free t o  c a l l  us.  
S. imtg, Direc tor  
Coop. SP Res.  S i u d i e s  Unit 
Outer Honaunau Bay above. Inner  Honaunau Bay below with two of t h e  
fishponds showing under t h e  coconut t r e e s  i n  t h e  middle d i s t ance .  
